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NEW USE 

The present invention refers to the use of certain 
sulfated glycosaminoglycans for the manufacture of a 
pharmaceutical composition for the prevention and treatment 
slow progress of term labor. 



BACKGROUND 

A common clinical problem in obstetrics is prolonged or 
in some way dysfunctional labor. Slow progress or arrest of 
labor is documented in about 40-60% of all parturitions in 
Sweden. In developing countries maternal deaths due to labor 
arrest with heavy post partum bleedings are the most common 
reasons for maternal deaths. Slow progress of labor is the 
most common indication for emergency caesarian section, which 
in turn often results in a demand for elective caesarian 
section at the next pregnancy. Other complications of 
protracted labor generate increased fetal asphyxia resulting 
in long-term sequela. 

The uterus is composed of two parts, the corpus and the 
cervix having different functions during pregnancy and 
parturition. The corpus uteri consists predominantly of smooth 
muscle bundles, the myometrium, embedded in extra cellular 
matrix, ECM, and the cervix consists mainly of ECM. The 
dominating components of the ECM are the collagens, but there 
are also proteoglycans albeit in a smaller quantity. 
Proteoglycans consist of a protein core to which one to a 
hundred polysaccharide chains, the glycosaminoglycans, are 
attached. 

The coordination between the uterine contractions and the 
softening, or in other words ripening, and dilation of the 
cervix is crucial for a normal parturition. Incongruity 
between these processes leads to abnormal parturitions. 



During pregnancy and labor both the cervix and the corpus 
are remodeled. A profound remodeling of the corpus results in 
an approximately seven- fold increase in volume. An 
insufficient uterine remodeling is related to. a disturbed 
contractility. A normal dilation of the cervix opening from 1 
to 10 cm during established labor implies a total 
reconstruction of the cervical connective tissue generated 
through a decrease of the concentration of collagen and 
proteoglycans and resulting in a soft and elastic cervix. 
Disturbances in the cervical ripening can, if the process 
starts too early, result in a pre-term delivery. Pre-term 
labor must be coordinated with a pre-term cervical ripening in 
order to give a premature delivery. On the other hand 
insufficient cervical ripening results in post-term pregnancy 
with high frequency of protracted labor and instrumental 
deliveries. Thus the cervical ripening and myometrial 
contractions are two processes, which must be coordinated to 
accomplish a normal delivery. 

The physiology of both normal and protracted labor is 
still obscure. The hormonal control seems to include an 
inhibitory effect by progesterone and activation by increasing 
estrogen levels. Corticotrophin releasing hormone, 
prostaglandin and a changed estrogen/progesterone ratio have 
been suggested to be involved in the initiation of labor. 
Intravenous infusion of oxytocin, introduced in 1950, is still 
the dominating treatment of protracted labor and recently 
published investigations and review articles on slow progress 
of labor mainly present different treatment schedules of 
oxytocin administration. This treatment fails in many cases 
and results in an increasing number of operative deliveries. 
There have been few efforts to develop new drugs for labor 
augmentation despite a tremendous global problem of slow 
progress of labor. 



induction of labor in women with unfavorable cervices has 
been performed by local application of prostaglandin E2 for 
about twenty years. In 15-20% of said cases cervical ripening 
and labor induction fail. Most prominent is arrest of labor. 

PRIOR ART 

Uterine contractions due to heparin are described as a 
side effect of intravenous administration of high-dose of 
heparin for the treatment of vein thrombosis to a 32 year old 
multigravida in the thirty-second week of pregnancy, by K. 
Shaker et al., British Medical Journal 16 November 1974. 
Heparin is a glycosaminoglycan isolated on a commercial basis 
from animal tissues and used in the clinic as an 
antithrombotic drug. 

BP 0 509 120 Bl discloses the use of glycosaminoglycans , 
GAGs, for the preparation of a topical pharmaceutical 
composition for the prevention and therapy of diseases of the 
cervical vaginal area. As examples of said diseases are 
mentioned dystrophy and atrophy states induced by lack of 
estrogen hormones, vaginal dermatitis, aspecific vaginitis 
etc. The GAGS are said to take part in the safeguarding and 
restoring of the natural vaginal ecosystem. 

The glycosaminoglycans are described as belonging to a 
highly heterogeneous class of macromolecules having very long 
molecules containing repeating disaccharide units forming 
linear macro-molecules. In general each of the repeating units 
comprises a residue consisting of an aminosugar, that is 
glucosamine or galactosamine, and a uronic acid residue 
consisting of glucuronic acid or iduronic acid. The hydroxyl 
group at C 2 , C 3 , C 4 and C 6 and the amino group on C 2 may be 
substituted by sulfate groups. The GAGs are represented by the 
following compounds: heparin, heparan sulfate, dermatan 
sulfate, hyaluronic acid, chondroitin sulfate, keratan 
sulfate . 
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EP o 867 452 Al refers to a cervical ripening agent which 
as an active ingredient contains hyaluronic acid or a 

derivative thereof. 

It is well known that glycosaminoglycans have a multitude 

of effects on cell activity. 

DESCRIPTION OF THE INVENTION 

It has recently been found that the expression of heparan 
sulfate proteoglycans vary during the uterine remodeling 
during pregnancy and labor. They are thus believed to play a 
pivotal role in labor. It has also been found that treatment 
of human uterine strips with sulfated glycosaminoglycans 
enhances the contractile activity thereof. 

The present invention refers to the use of sulfated 
glycosaminoglycans having an anticoagulant activity of 100 BP 
units/mg or less for the manufacture of a pharmaceutical 
preparation for prophylactic priming or curative treatment of 
the cervix and the myometrium for establishing effective labor 
in women. Normal labor includes a softening of the cervix and 
regular myometrical contractions* 

The anticoagulating effect was evaluated by measuring the 
increase in clotting time per mg sulfated glycosaminoglycan, 
and is stated in BP units per mg. Heparin has an anticoagulant 
activity of 157 BP units/mg. 

The sulfated glycosaminoglycans, that is mainly heparin, 
heparan sulfate, dermatan sulfate and chondroitin sulfate, are 
composed of alternating hexosamine and uronic acid residues. 
Hyaluronic acid has no sulfate groups. The presence of D- 
glucuronic acid (GlcA) and its C-5 epimer L-iduronic acid 
(idoA) and the specific sulfation of hexosamines and uronosyl 
residues endow the polymer an extreme structural variation. 
The structure can range from none or very few to nearly 100% 
iduronic acid-containing disaccharid.es . The organization of 
GlcA- and idoA-N-hexosamine containing disaccharides can vary 



from long blocks to an alternating disaccharide pattern. A 
nigh degree of N -sulfation and a high degree of iduronxc acid 
sulfate generally involves a high biological activity of the 
compound. There are different well-defined polysaccharxdes of 
dermatan sulfate (DS) . chondroitin sulfate (CS) , heparan 
sulfate (HS) and depolymerised heparin. 

Heparan sulfate, having glucosamine and uronic acid as 
repeating disaccharides and consisting of N-acetylated and N- 
sulfated disaccharides that are arranged mainly in a segrega- 
ted manner, has ubiquitous distribution on cell surfaces and 
in the extracellular matrix. It is generally less sulfated and 
nas a lower iduronate content than heparin and has a more 
varied structure. Interactions between heparan sulfate and 
proteins are implicated in a variety of physio- logical 
processes, such as cell adhesion, enzyme regulation, cytolcxne 
action, virus entry and anticoagulant properties. Heparan 
sulfates possess anticoagulant activity depending on the 
presence of a specific anticoagulant pentasaccharide, however 
considerably less than heparin. Heparan sulfate is a linear 
polysaccharide which can be prepared from porcine intestxnal 
mU cosa or from bovine lung, from heparin side fractions using 
cetylpyridinium chloride frac-tions and sequential salt 
extraction as described by Fransson et al., Eur. J. Biochem. 
106 59-69 (1980). Structural studies on heparan sulphates. 

' The invention refers to the use of a sulfated glycos- 
aminoglycan, which belongs to the group consisting of heparan 
sulfates an depolymerised heparan sulfates. 

Chondroitin sulfate is a sulfated linear polysaccharxde 
consisting of alternating glucuronic acid and N-acetyl- 
galactosamine residues, the latter being sulfated in either 4 
or 6 position. They can be prepared from bovine tracheal or 
nasal cartilage. CS are of importance for the organization of 
extracellular matrix, generating a interstitial swelling 
pressure and participating in recruitment of neutrophils. 



The invention also refers to the use of chondroitin 
sulfates or depolymerised chondroitin sulfates. 

Dermatan sulfate is a sulfated linear polysaccharxde 
consisting of alternating uronic acid and H-acetylated 
galactosemia residues. The uronic acids are either D-GlcA or 
L -ldoA and the disaccharide can be sulfated in 4 and 6 and 2 
on galactosemia and IdoA. respectively. DS can be prepared 
from porcine skin and intestinal mucosa. Dermatan sulfate 
possesses biological activities such as organization of 
extracellular matrix, interactions with cytokines, anti- 
coagulant activities and recruitment of neutrophils. 

The invention also refers to the use of dermatan sulfates 
or depolymerised dermatan sulfates. 

Low molecular weight heparins or depolymerised heparxns 
are linear oligosaccharides having a M r of between 2 and 10 
KDa, mainly consisting of alternating N-sulfated glucosamine 
and IdoA residues and often containing the anticoagulant 
pentasaccharide. They can be prepared from heparins by 
specific chemical cleavage. Their main clinical function is to 
inhibit factor Xa, resulting in an antithrombotic effect. It 
is proposed to have antimetastatic properties. Fragmxn 
(Pharmacia. Sweden) is an example of a low molecular heparin 
obtained by controlled depolymerisation of heparin and havxng 
an antithrombotic effect owing to inhibition of factor Xa. 
Heparin fragments having selective anticoagulant activity, as 
well as methods for the preparation thereof, are described xn 
US patent number 4,303,651. The anticoagulant effect is, 
however, normally not desirable for a preparation to be used 

during labor. 

The invention especially refers to the use of a 
glycosaminoglycan which belongs to the group consisting of 
depolymerised heparines having a relative molecular weight 
below 10000 Da, preferably not higher than 6000 Da. 



It is essential that the anticoagulant activity is not 
too high, and according to a preferred aspect the invention 
refers to the use of a sulfated glycosaminoglycan having an 
anticoagulant activity of 30 BP units/mg or less. 

Tests in vitro suggest that low sulfated structures of 
low or no anticoagulative potency are preferred compounds. 
Thus side products obtained during manufacture of heparin are 
good candidates for selection of starting material. Compounds 
with the desired properties can be obtained from heparan and 
heparin side fractions using specific periodate oxidation to 

eradicate the antithrombin III binding properties. 

The invention especially refers to the use of a 

glycosaminoglycan having a sulfate/hexosamine ratio below 1.0 

and an anticoagulant activity, or clotting time, less than 10 

BP units/mg. 

If the amount of endogenous oxytocin has reached its 
optimal level at the time for onset of labor, a pretreatment 
with the sulfated glycosaminoglycans to be used according to 
the invention will initiate the onset of labor. In case of an 
insufficient endogenous oxytocin level, the sulfated glycos- 
aminoglycans can be used in a single dose in combination with 
i.v. oxytocin for the priming of the myometrium. 

The invention also refers to the use of sulfated 
glycosaminoglycans for the manufacture of a pharmaceutical 
preparation which can be administered locally that is 
topically, such as by intracervical, vaginal, rectal, or 
dermal administration, or systemically that is parenterally, 
such as by subcutaneous or intravenous injection. 

For parenteral administration the active compounds can be 
• incorporated into a solution or suspension, which also contain 
one or more adjuvants such as sterile diluents such as water 
for injection, saline, fixed oils, polyethylene glycol, 
glycerol, propylene glycol or other synthetic solvents, 
antibacterial agents, antioxidants, chelating agents, buffers 
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and agents for adjusting the tonicity. The parenteral 
preparation can be delivered in ampoules, disposable syringes 

or as infusions. 

A topical preparation consists of the active sulfated 
glycosaminoglycans in combination with a conventional 
pharmaceutically acceptable carrier. The carrier or excipient 
can be a solid, semisolid or liquid material that can serve as 
a vehicle for the active substance. Examples of topical 
preparations are an ointment, cream, gel, nasal or vaginal 
spray, lotion, solution or suspension. 

in order to bring about an effective labor the sulfated 
glycosaminoglycans can be administered in a single dose every 
24 h for a period of 1-10 days. The dose must be estimated as 
the lowest dose giving myometrial contractions. An estimated 
single dose is 25-100 mg/d. 

EXAMPLES 

wim ple l. Pr e paration of heparan sulfates , 
10 g of the heparin by-product, TB 001-91 SVCM 950130 
(Kabi-Pharmacia, Sweden) was dissolved in 1 1 of 5% calcium 
acetate - 0.5 M acetic acid. The solution was filtered. The 
filtered solution was then adjusted to an ethanol concen- 
tration of 18%. The supernatant after centrifugation was then 
adjusted to a ethanol concentration of 36%. The precipitate 
was collected by centrifugation. The following heparan 
sulfates were prepared in accordance with Fransson et al., 
Eur. J. Biochem. 106, 59-69 (1980), Structural studies on 
heparan sulphates. 
Preparation of HS6 

The precipitate obtained between 18 and 36% ethanol was 
dissolved in 1.2 M of NaCl. 18 g of cetylpyridinium chloride, 
CPC, was added and a precipitate was allowed to develop for 24 
h. The precipitate was recovered by filtration and redissolved 
in 2 M NaCl. The filtrate was used for the preparation of HS5. 



, _,^t- at e 3 volumes of ethaxiol was added. 
To the resolved * fcQ develop f or 16 h and 

The resulting precxpxtate was re dissolved in 

the collected by centrifugatxon. Finally xt w 

with 3 volumes of ethanol - 0.4 * 
water and reprecipxtated wxth ed by cen trifuga- 

sodium acetate. The precipitate was collected *y 
tion and dried. The yield was 4.34 g. 

ESSB 1^fate fro* the preparation of HSS was then diluted 
wit h H% CPC to a final concentration of 1.0 M NaCl. Xt was 
wxth 0.1% CPC t filtrat e was used for the prepare- 

then treated as xn HS6. The rxxti 
tion of HS4. The yield was 0.82 g. 

p re paration of HS& diluted 
The filtrate from the preparatxon of HSS was 
• tfe 0 1 % CPC to a final concentration of 0.8 M NaCl. It was 
with 0.1 % CPU to e* nreuara- 
then treated as in HS6 . The filtrate was used for the prepar 

tion of HS3. The yield was 0.51 g. 

Pro ration of H83 , diluted 
The filtrate from the preparatxon of HS4 was 

•th 0 1 * CPC to a final concentration of 0.6 M NaCl. It was 
wl th 0.1 % CPC to ^ uged ^ prepara _ 

then treated as in HS6. Tne 

tion o£ HS2. The yield was 0.17 g. 

Er „p nr at<r.n Of PS? ._.„«, ™- then diluted 

The filtrate from th. preparatron of HS3 was then 

with 0.1 * CPC to a final concentration of 0.4 M HaCl. It 
then treated as in HS6 . The yield was 0.09 g. 

Xfce different heparan sulfates were analysed as to the 
content of glucuronic acid, iduronic acid, and total sulfate 
™ The nuaher of sulfate groups on the amino group of the 
ZZZZ was determined as mole per nolo, and the percentage 
cf iduronic acid residues was determined. The results are 
criven in Table 1 below. 

" The anticoagulating effect was evaluated hy „e M ur ng the 
increase in clotting tine per ng heparin sulfate, and stated 
in BP units per mg. 
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Table 1. analysis of heparana^tates 



HS2" 



HS6 



0-56" 



1.00 



ITS" 



1.23 



"1 • 63" 



"35 



"ldOA-ii^4 


Anticoa- 


/total 


gulant 


uronic 


activity 


acid 


(BP 


(%) 




10 




""20 




""25 


30 


"""45 ~ 




60 


"140 



, -<= rt^taa ota akin "as suspended in 5 x oi 
One kg of dried pig eine bichloride. pH 

„aCl, 0.01 M EDTA and 0.01 M of che dige3 tion 

.... 500 mg Of crystalline pape* - ~- - ^ ^ 

« flowed to ^°= Md £ ° r "° * % * olutioa of CPO. The 
rhen precipitated with 75 ml of a 1 so £iltraCion and 
resulting pyridine complex «s collected * < 
th a redissolved in » KaCl containing 15* of 

a « diluted with 3 volumes of 0.5% CPC. me v 
solution was dxlutea witu ,,».«* NaCl and 40 

rate was collected -^J^l* ^ ~ - - — 
ul of etnanol. The material was red aodiuro 
and then precipitated with 3 volumes of ethano^ 
acetate. The resulting precipitate was collected 

The final yield was ^ of D . gluouroni c 

pig akin dermatan sulfate. 1. Di ^ ^ 

acid residues. (1971) Eur. * , dur0 nic acid 

2 2 g of the material obtained abo« was ^ M ° lv ° d 
2.2 g of c _ Th±s solutlon 

- of 5* calcium acetate 0^5 » £oITCd between 0- 

„as mixed with etnanol and the pre p 

U» etnanol (DS-13) . 10-35* ethanol (DS-36) . and 
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etha n 0 X (D S- 5 0,. respect, were -£^£7^ '„ 
-~ redlssolve* in water - "d^the .-X y XeXd 
eth an 0 l - £ - - ^.3^,3 , £or D9 - 5 0. 

hexosamane, ana tne reaux 

Table 2. Analysis of dermatan sulfate^ 
preparation 

amines 




DS preparations contain 99% gaX.ctoaa.ine o£ 
ZLL and the HS and -parin preparations coutarn >9« 
glucosamine of total hexosamine. 



■^^ 3 Cont-rncHlQ assay 

^^^^ : ITZ 990130 
ot-talned froa, the heparin a.da fraction ^ 

(Kabi-Pharmacia. Sweden) were tested. HS6 <"•" 

^ing rcora highly sulfated and having «~e 1,-iduronic 

reeid ues ^ ^J^;^ £rora ^ undergoing 

Uterine samples were . . THg 

weeks of gestation. Tne 
elective caesarian section at 38-39 weeks s 

aM ,les reared ,0^X0 - s^ ^^^Z 

part of th. ^r^ar hlopsies .ere cut 

placed in ice-coXd Kreba tog ^ ^ „ 

into longitudinal strips, length 10 lb 
«. The strip was —ted verticaXXy in an organ hath 
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containing 2 ml Krebs-Ringer solution. The solution was 
^d with a mixture of *5* and 5% CO2 in order to -n- 
tain a pH in the bath of 7.35-7.45. Experiments were carrred 
Z after the strips had e^ilibrated to a stable contract^ 
Itlte. usually within 1-2 h after counting. The contractus 
^. recorded isometrically with a orass model 7 P™h 
(ara ss xnstr. Co.. Quincy. «A. OSA, . All samples were exposed 
to 100 * KC1 during the experi^nt in order to get a 
standardised maximum response. Different dose, of heparan 
sulfate were then added to the bath containing the uterine 
strip. After 30 min 1 V oxytocin was added. Add-on of 1 O 
oxytocin only was used as a control. 

This procedure was repeated using 6 ug of heparan 
sulfate. After 20 min 1 unit of oxytocin was added^ The 
contractions were recorded and evaluated hy ^ ^ nse 
gurf ace under the curve. Two heparan sulfates » «^ 
with different structure was added and as control 1 unit 
oxytocin was used. See Table 3 below. 

Table 3. Relative contractility of myometrial strip after 
stimulation with heparan sulfate and oxytocin, xn % of 





unstimulated 
control 


oxytocin 
control, 1 U 




HS ana 

oxytocin 

936 


HS2 


100 


226 


289 




HS6 


100 


226 


j 183 


584 



Tbe combination of oxytocin and HS6 resulted in a 2.5 fold 
increase of contractile force and the combination wxth HS2 
gave a 4.1 fold increase in contractile force. 

This shows that heparan sulfate enhances the contracts 
force of human uterine strips in vitro. The effect xs 

7 ohnifture and a low sulfated 

dependent on the heparan sulfate structure, ana 

structure appears to be more effective. 
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when this test was repeated with dermatan sulfate. DS-18. 
see Table 2. contractility was registered, but the results . 
have not vet been evaluated. 

"^^cal data on delivery outcome in nullip-ous women 
have baen studied. 14 nulliparous wo*«n were given Pragmrn 
(Pharmacia. Sweden) subcutaneously during pregnancy due to an 
increased rlsK of thrombosis. The administered 
dose was 5000 IE daily in all but 4 women who had 2S00 IE 
deily. Eight of the „cm«> were treated more «h» 12 weehs 

(range 12-28 weehsl and 8 of them during 1-8 weehs. As matched 
controls served the next 12 nulliparous women without Fragmrn 
medication giving birth in the same clinic immediately a ter 

the women included in the study. Endpoints -ere labor-delrvery 

time (hour) and number of Caesarian sections and their 

indications. 

No correlation could be found between the duration of the 
treatment and the duration of the parturition. The labor - 
delivery time turned out to be 5. a * 2.6 h in the patient 
group and 14.0 * 6.3 h in the control group (p<0.001) . 
Furthermore slow progress of labor was reported in 6 out of 
subjects in the control group compared to 1 of 14 xn the 

treatment group. 

m the control group the mean labor delivery txme was 3- 
fold longer compared to the study group. 6 out of 13 women xn 
the control group had slow progress of labor and one woman xn 
the study group. The number of caesarian sections was 3 xn 
each group, but the indications in the study group were pre- 
eclampsia, insufficient analgesia and suspected fetal 
asphyxiz. in the control group all 3 had the main indxcatxon 
arrest of labor, in two women in combination with suspected 
fetal asphyxia. 
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CLAIMS 



activity of 100 BP units/mg or less for the m 
Xlltlcel preparation £ or prophylactic p = or 

> «*» cervix and the myometrium tor 
curative treatment o£ the cervix an 

establishing effective labor in women. 

B. D se of a glycosaminoglycan according to claim 1 which 
belongs to the group consisting of heparan sulfates an 
depolymerised heparan sulfates. 

3 D se of a glycosaminoglycan according to claim 1. which 
Z tt tL group consisting of chondroitin sulfates and 
depolymerised chondroitin sulfetes. 

4 Ose of a glycosandnoglycan according to claim 1. which 
^gs to the group consisting of dermatan sulfates or 
depolymerised dermatan sulfates. 

5 D se of a glycosaminoglycan according to claim 1. which 
Longs to the group consisting of depolymenised 

^ a relative molecular -eight below 10 000 Da. preferably 
not higher than 6000 Da. 

6 use of a glycosaminoglycan according to any of claims 1-5, 
having an anticoagulant activity of 30 BP units,,* or less. 

7 use of a glycosaminoglycan according to claim 2 or 6, 
having a sulf ate/hexosamine ratio below 1.0 and an 
anticoagulant activity of 10 BP units/mg or less. 

8. use of a glycosaminoglycan according to any of claims 1-7 
in combination with oxytocin. 
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, DS e of glycosa^inogiycana according to any of <*•»- 
t JL manufacture of a topicai p^ceuticai proration. 

X.. nae of glycosa.inoglycans according to any o, : ol— X-7 
for th. manufacture of a parenteral pharmaceutica! 
preparation + 




ABSTRACT 

The invention refers to the use of sulfated glycosamino- 
glycans having an anticoagulant activity of 100 BP units/mg or 
less for the manufacture of a pharmaceutical preparation for 
prophylactic priming or curative treatment of the cervix and 
the myometrium for establishing effective labor in women. 



